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CHAPTER I
INTRODUCTION

Statement of the Problem
Silver is a metal with a long and interesting his
tory.

It was one of the first metals discovered and work

ed by early man, and has been recognized as a standard of
value for thousands of years.

Although gold, held mostly

by kings and priests, was the first metal to be recognized
as a standard of value, evidence from graves has shown that
man in Southern Europe and the Near and Middle East was
found to have endowed with silver ornament and even to have
used the metal in bulk as a token of wealth exchangeable
for goods, services, or ownership. 1

Silver's brilliant

white color, resistance to corrosion, and relative scarci
ty created a demand for it both as ornamentation and as a
store of wealth, and brought about its eventual distribu
tion throughout the world.
Today, silver 1s still used extensively in such
items as jewelry and tableware.

However, with the growth

of modern industry, many important technical uses have
1 Donald McDonald, "History of Silver, " in Allison
Butts, ed. , Silver Economics, Metallurgy, and Use (New
Jerseys D. Van Nostrand Co., .Inc., 1967, pp. 1- 15.

2

been found.

For example, the unique electrical proper

ties of silver make it essential to a wide variety of
electrical and electronic equipment.

The technical use

with which this paper is concerned, is the ability of cer
tain silver compounds to change upon exposure to light.
This is the reaction upon which the whole photographic
process depends, and therefore, that which makes the mod
ern photographic industry possible.

The result of these

and many other modern uses has been a severe shortage of
silver, in that more silver is being used than is present
ly being mined.

According to one source, uThe Free World

uses ap.proximately 350 million Troy ounces of silver an
nually in industrial products.

New mine production is in

the vicinity of 235 million Troy ounces, leaving a deficit

of 11 5 million Troy ounces which must be supplied in some
way. "2

Since over two-thirds of newly mined silver is pro
duced as a by-product of copper, lead, and zinc mining,
production is influenced by the demand_ for these base

metals.

The major sources which make up the deficit of

silver are demonitized coinage, which contains a large
quantity of previously mined silver, and salvaged indus

trial wastes.

2 Anonymous, "Recovering Silver From Photographic
Materials, " (New York: Eastman Kodak Company, 1969), p. 3.
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Table 1 shows that the photographic industry con
s���' almost one-third of the total silver used by indus
-, -:� the United States. J . It has been estimated that
TABLE.1
INDUSTRIAL CONSUMPTION OF SILVER IN THE
UNITED STATES BY MAJOR CATEGORY

,... :� � egory
�hotography
�lectrical & electronic (including · batteries)
Silverware and jewelry
:�razing alloys and solders
All others
Total

Per
cent
32

31
17

13
7

100,%

approximately two-thirds_ of this silver is potentially
re,overable -from used photographic fixers, films, and'
pnpcrs.

Silver recovery therefore, represents a signifi

cnnt means for conserving silver as_an important natural
ronou.rce. For the user of photographic products who does
not feel that the conservation of natural resources is his
concern, there are other reasons for recovering ·silver
fr<>rn photographic wa�tes.
3

F.H. Wemple, "The Silver Market, " in Butts,
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Today, more than ever, graphic arts firms are faced
with a need for increased sales, low cost production, and
profit maximization.

These factors have forced the man

agement teams of graphic arts firms to take a closer look
at costs of materials.

With the cost of photographic pro

ducts constantly rising, these firms are becoming more
aware of the fact that recovering silver means a substan
tial savings of some of the expenses of operation, provided
that the recovery can be effected simply and economically.
And it can be.

From 1960 to 1969, silver prices varied from a low
of 90 cents to a high of $2.
" 5 612 per Troy ounce. 4 Until

1967, the price of silver was, in effect, set by congres

sional action which authorized the U. S. Treasury to buy
and sell silver at a fixed price.

This policy was changed

in 1967, and an essentially free market in silver was es
tablished.

As a result, the price of silver responded to

the market demand and speculative buying.

high of $2.56½ per Troy ounce in 1968.
has declined.

It reached a

Since that time, it

During 1969, the monthly average price fluc

tuated from about $1.62 to $1.98 per Troy ounce. 5

4 Annual Report of the Director of the Mint, for
� Fiscal Year Ended June 30, 1969, (Washington D.c. 1
U.S. Government Printing Office, 1970) , p. 113.
p. 112.

5

Annual Report Ef_ the Di!ec·tor of � Mint,
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With the price of silver averaging around $1. 80 per
Troy ounce, a typical gallon of exhausted fixer may con
tain a gross silver value of as much as $2. 00.

After de

ducting the labor involved, shipping and refining charges,
and the amortization of the silver recovery equipment, a

firm can expect to save $70 or

7% for every $1,000 worth

of film consumed.; furthermore, processed films which no

longer have any record value may have a silver scrap value
of as much as 1.5 to 35 cents per pound.

The actual value

of the scrap film varies with the nature of the films, the
quantity available, the cost of shipping the scrap to the
refiner, and the market value of silver at the time of re
fining.
One manufacturer of equipment that reclaims silver
from scrap film states that its·equipment, "Requires only
one man-hour per day to reduce an 800 pound load of film
to about 32 pounds of ash (2 cubic feet) with an approx

imate value· of $400 in silver. tt6

Tables 2 and

3,

(on the

next page) give more accurate figures with which a rirm

could determine its potential savings by recovering silver
from processing solutions, scrap film and paper. 7&S

6 ''The Silver Drain," _Modern Lithography. Vo1 • .39
(January 19 71 ), p. 2-.5.
7
8

"Recovering Silver, "- p. 8 •.

"Recovering Silver, " p. 10.
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TABLE 2
QUANTITY OF SILVER POTENTIALLY AVAILABLE FOR
RECOVERY FROM EXHAUSTED FIXING SOLUTION
Type of l1ater1al Processed
in Fixing Solution

Units

Troy Ounce s
per 1000 units

Lith-Type Films (50% exposed)

8X10-in. sht.

Continuous-Tone Films

8X10-in. sht.

Stabilization Papers

1 sq, ft.

3.5 to 5.5
4. 5 to 6.o
1.5 to 2.5

TABLE 3

QUANTITY OF SILVER POTENTIALLY RECOVEBiu3LE
FROM EXPOSED AND PROCESSED BLACK AND
WHITE PHOTOGRAPHIC MATERIALS

Type of Material
Lith-Type Films ( 50% exposed)
Continuous-Tone Films

Photomechanical Papers

Troy Ounces per
pound of scrap

.15 to .25

.05 to
.015

• 15

to .0 3

It's easy to see that the use of silver reclaiming
equipment can pay special dividends to the printer. By
reclaiming silver, a ·lithographic printer can reduce oper
ation costs, increase the quantity of available silver,

minimize rising costs of photographic supplies, and help to

7
insure a steady availability of such supplies.

In addi

tion, there 1s still another reason for the printer to re
cover silver from his photog!aphic wastes.
There is an added benefit in the fact that silver
is classified as a water pollutant.

For the printing in

dustry, the day is rapidly approaching when there will be
no escaping the wrath of the public and subsequent enforce
ment action by local pollution control officials.

It 1s

no longer a matter of whether or not anti-pollution devices
will be required, but rather a question of when they will
be required.
The lithographer who traps silver in his plant keeps
it from eventually entering rivers and streams.

One manu

facturer of silver recovery equipment observes that the
silver nitrate used in photographic emulsions .. is a deadly
poison" and that, as government anti-pollution regulations
get tougher, there may be rigorous measures against dis
charging it·into rivers.9 It is of little importance
whether a photographic products user helps control water
pollution out of fear of future government regulation or
because he is genuinely concerned about the quality of his
environment.

What is of prime importance, is that every

firm become acutely aware of the consequences of polluting
9

"The Silver Drain," p. 19.

8

our water supply, and that every firm do its part in pol
lution abatement.
To summarize these first few pages, printers using
photographic products are faced with three problems: (1) a
severe shortage of silver, an essential raw material in the
photo�raphic process; (2) rising production costs due to

the ever increasing cost of photographic supplies, and ·(3)

government regulation of disposal of photographic wastes
due to public concern about water pollution.

Combined,

these problems should convince those in the graphic arts
industry that the time has come to equip for silver recovery.
Objectives

.£f. the Study

The first objective of this investigation is to
alert the graphic arts industry to important problems now
facing those who use photographic materials, and to show
the importan�e of silver recovery as an effective means of
solving these current problems.

Another objective of this study is to explain · the

several silver reco ery processes so that the potential
buyer of silver recovery equipment may understand exactly
how each process works.

This area of study would also ex

plain where silver is to be found; how a firm can estimate
its potential savings from silver recovery, and how a firm

can determine the silver recovery method best suited for

9

its particular plant.

Also included in the study would be

the different applications of silver recovery equipment

and the advantages and disadvantages of each.

The final objective of this study is to supply
those firms considering the installation of silver recov
ery equipment �1th comprehensive information_on many dif
ferent brands and models of silver recovery equipment now
available.

10

CHAPTER II

METHODS EMPLOYED IN THE STUDY
The methods employed in this study involved a com
prehensive gathering of information pertaining to silver
recovery processes and the equipment now available for re
covering silver from photographic materials.

Data accumu

lated were divided into the following three categories:
(1) Information extracted from books and periodicals: (2)
Reports, papers and pamphlets received from organizations
involved in the manufacture and distribution of photo
graphic materials and/or silver recovery equipment, and

(3) Information drawn from questionnaires returned by man
ufacturers and distributors of silver recovery equipment.
Data obtained from the sources noted in the third category
included inf�rmation describing silver recovery equipment
presently available to the graphic arts industry.

Also

included in this category are the characteristics, capa
bilities, and limitations of each brand·and model of silver
recovery device.
Information thus gathered comprises the content of

chapters J and 4.

Chapter J presents a general yet compre

hensive explanation of the three major processes used to
recover silver from phot�graphic materials.

In this

11

chapter the author attempts to explain not only the basic
principles of silver recovery, but also how a firm can
estimate its potential savings from silver recovery and
how to choose an appropriate recovery method.
Chapter 4 presents a comparative classification of
device� curren�ly available for the recovery of silver.
Li sted by brand and model, each piece of equipment 1s
accompanied by its respective data, which enables the
reader to compare the characteristics of each piece of
equipment.
Review of Current Literature
As stated earlier, the first category of accumulated data was extracted from books and periodicals.

Var

ious bibliographical sources were used to compile data in
thi s category.

These sources includes --(1) The library

card-catalog system; (2) � Reader's Guide

-

12

Periodical

Literature; (3) The Business Periodicals Index, and (4)
'

Graphic Arts Abstracts.

.

Periodical articles too current

to be listed · 1n these references were searched-out and

found by reading the latest issues of periodicals dealing

xlth the graphic arts and photographic industries.

Com

bin ed, these references include a bibliography of all
.

-

rel evant articles, books, and reports published regarding
silver rec overy processes and equipment.
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Letters of Inquiry
The initial review of current literature proved to
be of great value by supplying the names and addresses of
people and organizations in the industry that had a know
ledge of silver recovery and its processes.

Letters were

writte� to fou! of these people in an effort to gain first
hand information about silver recovery 1n general, and to
answer certain questions about silver recovery that were

raised during the author·• s initial research.

Al-i:,hough the

number of replies was relatively small, the two firms that
did reply were very helpful and encouraging.

A duplicate

of the letter of inquiry appears in Appendix A, followed
by a duplicate of one of the letters of reply, in Appendix

B.

Questionnaires _t£ Manufacturers and Distributors
In order to gather data on individual brands and
models of silver recovery_devices, a three-page question

naire was mailed to manufacturers and distributors of sil

ver recovery ·equipment.

The mailing list was drawn from

articles in periodicals, advertisements-in periodicals,
directories for purchasing printing equipment, and names
supplied by respondents to the letters of inquiry.

Of. the

23 questionnaires mailed, returns were received from 18
firms, or 78.26 per cent of those surveyed. A copy of

this questionnaire appears in Appendix

c.
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The questionnaire included 1 5 questions designed to
supply various data on both the organization surveyed and
its equipment.

Questions about equipment were designed to

collect data which would help to describe the characteris
tics, capabilities, and limitations of individual brands

and models of silver recovery devices. Questions 1, 2, J ,
14, and 15 were questions about the organization itself,

with the remaining questions dealing with the equipment.
The questionnaire included a statement at its end,
welcoming any comments that the respondent might have
about the study or the questionnaire• . Of the 18 respond
ents; 10 made comments. · Some asked for a copy of the

completed study while others offered additional informa
tion pertinent to the study or their equipment.
Each of the 23 questionnaires was accompanied by a
letter of transmittal and a self-addressed, stamped, re
turn envelope.

The lett�.r briefly described the nature of'

the study and emphasized that a completed, returned ques
tionnaire was important to the success of the study.

A

copy of this letter appears in Appendix D.

318350
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CHAPTER III
THE SILVER RECOVERY PROCESSES
Where is Silver to be Found?
In-the general field of lithographic prlnt1rig, s11..:
ver is recovered from two main sources,

One source 1s

various exhausted processing solutions; the other source
is expended processed films, papers, and some printing
plates.

Deciding whether and/or how to go into silver re

covery is a decision that is best made after a review of
the basic chemistry of the photographic process.
Silver exists in unexposed films and papers as
small silver halide crystals that change when they are ex
posed, or stru�k by light.

When this film or paper is

placed in developer, these light-struck crysta1s turn
black and form the image on the film or paper.
not exposed to light do not develop.

Crystals

They cannot be al

lowed to remain .in the film or paper because, with age,
they would darken·and ruin the image.

The-image must be

stabilized, so these crystals are removed by dissolving
them in a fixing bath.

The "fix".includes many ingredi

ents, but the key item is sodium or ammonium thiosulphate
(hypo}, which dissolves silver halides.

As the hypo does

this Job, the silver compounds accumulate in the fixing
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bath, and the capacity of the fixer is exhausted.

When

this happens, tne bath is ineffective and must be discard
ed.
Films and papers fixed with sodium thiosulphate
fixers, which are usually supplied in powder form, have
wash properties similar to those fixed with -ammonium thio
sulphate fixers; however, they are more sensitive to silver
buildup and are correspondingly more sensitive to its re
moval.

Removal of silver from this- type of fixer keeps

the fixing time short and, more importantly, increases the
life of the fixing bath considerably.
Fixing baths contain the largest percentage of re
coverable silver.

For example, when certain black and

white films are processed, as much as 60 to 80 per cent of
all the silver in the light sensitive emulsion is removed
and suspended in the fixer.

These figures vary, depending

on the type of film and the amount of exposure and develop
ment.
In the processing of black and white reversal type
films, the largest amount of recoverabl� silver is dis
solved in the bleach bath.

The bleach is used to dissolve

the silver image while_ leaving the silver halide intact.
The concentration of silver in a used bleach -bath is not
as great as that found in a typical fixing bath because
the bleach requires a relatively high replenishment rate·
to maintain 1.t s eff'ect on the silver image.
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In color proc essing, unlike the black and white
reversal process , the silver does not dissolve into the
bleac h solution.

Instead, the silver is converted to a

silver salt right in the film emulsion.

This silver salt

is dissolved in the subsequent fi xing bath.

Thus , almost

all the silv�r is available for recovery from the fixing
bath in the color process.
As mentioned earlier, silver recovery from expended
processed films, papers, and some printing plates is also
feasible. Almost all black and white films and papers can
be utilized f or recovery purposes.

Certain printing plates

also yield appreciable quantities of silver.

Recovery _

methods for such materi als will be discussed later in this
text.
When to Consider Silver Rec overy
There are no hard and fast rules to guide the user
of photogr�phic product s in determining when silver recov
ery should be introduced into his operation.

The instal

lation of silver rec overy equipment is essentially an
economic decision.

It is influenced by factors such as

the current price of silver , the potential value of the
silver-bearing waste, and the estimated cost of having the
waste processed f or silver recovery.

C onvenience of re

covery and the ease wi th which it can be accomplished are
other considerations.

According to one manufacturer of

17
s.1lver recovery equipment, ..When the volume of fixer con
sumed amounts to 150 gallons a year or more and with the
�rice of silver being between $ 1 . 50 and $2. 00 per Troy

ounce, . one might consider recovery from solutions if the

solutions contain at least ½ Troy ounce of silver per
gallon. ".10 The cost of recovering silver fr.o m fixer will

generally run between $. 4 0 and $ 1.00 per Troy ounce.

The

more that must be done to get the silver into saleable form
the higher the cost of recovery.
For those considering the recovery of silver from
expended processed films and papers, some factors to con
sider are: ( 1 ) the silver content per pound o� scrap ; (2 �
the ease �nd convenience with which the scrap can be gath
ered, stored and shipped or processed ; ( J ) the amount of

scrap available, and (4 ) whether or not the scrap is of a
confidential nature.

Scrap of a confidential nature should

be processed by the firm doing the printing, or by a reli
able recovery service.
As a rough guideline, users of photographic products

who discard 25 or more pounds of scrap per week on a con

tinual basis, should consider the recovery of silver from

sensitized goods if those ma.terials · contain as little as
.10 Troy ounces of silver per pound of scrap - mat�riai. 1 1
10
11

"Recovering Silver, " p. 6.

"Recovering Silv � r, " p. 6.
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How to Calculate � Fi rm ' s Potential Savings
Before purchasing silver recovery equipment , it is
advisable to have a trained representative from a manufac
turing or distributing firm make a precise estimate of your
silver recovery potential .

However , you may want to make

a preliminary estimate of your own .
As seen i n Table 2 on page 6, 11 th-type films with

50 per cent of the area exposed yield an average of 3. 5 to

5 . 5 Troy ounces of si lver per 1000 sheets of 8 '' x. 1 0 ° film
processed .

Also , continuous-tone films yield an average of

4 . 5 to 6. 0 Troy ounces of silver for the same amount of

fi lm processed .

Us.ing thi s information, you_ can arrive at

your firm ' s potential silver yield from the discarded fix
er in T roy ounces of silver per year .
To estimate your fi rm ' s potential savings from used
photographic films and papers , first determine how many
pounds of each type of s�rap your _ fi rm discards annually .
After arriving at these figures , multiply each one by the
corresponding figures in Table 3 .

This will give you the

number of Troy ounces of silver that can be recovered
annually from sc rap film and paper .
Determine the· current marke t price of silver by
checking financial publications or newspapers such as the
Wall Street Journal .

By f:>imply multiplying the current

market pric � by your total annual yield in Troy ounces ,
you have your potential annual savings .

19
Method s of Recovery from Used Films and Papers
As mentioned earlier, the quantity and value of silver potentially recoverabl e from exposed processed black
and white photographic fi lms and papers is substantial.
Usually, such values are expr e s s ed in terms of Troy ounces
per pound of waste material.

The only way to determine the

potential value of silver in a given quantity of scrap is
to actually assay a repre sentative sample.

· The value will

vary, depending upon the type and thickne s s of the base
material, the type of emulsion, and the silver d ensity on
the film.

Some r ough guidelines for determini ng the value

of scrap film and paper are offered on pag e 6 of this
study.

More extensive tables, of the type on page 6, can

be obtained from organizations that manufacture photo
graphic pr oducts or silver recovery equipment.

C urrently there are two different methods of recov- ·

ering silver from used films and papers.

The most widely

used method i s that of burning, since the silver will re
main in the ashes.

When using this method, the t emperature

and rate of burning must be carefully controlled if high
recovery efficiency is to be maintained.

After· burning,

the recovery of silver from the re sultant ash is . accom
plished by conventional me taliurgical techniques. 12
12 C � H . Schack and B . H. Clemmons, "Extractive
Processes, " in Butts, pp. 5 7 - 77 ,

20

There are also various chemical treatments used to
remove silver from films and papers no loriger having any
photographi c value.

Usually these techniques are used only

when the fi lm base i s to be reclaimed in addition · t o the
Some of the chemical s used to remove silver-laden

silver.

•

emulsi on from film and paper are sodium hypoc�lorite, caus- tic soda, and p�oteolytic enzymes. 1 3 The time required to
remove the emulsion depends on the concentration of the
chemicals, the temperature, and the amount of agitation.
To maintain efficient recovery, the base material must be
adequately rinsed.

Silver in the form of a sludge is re

moved from the water by sedimentation or filtration .
The average user of photographic products will find
it hard to j
· ustify the purchase of equipment designed to
recover silver with the processes described above.

"Be

cause these processes require specialized equipment, it is
generally more effici ent for the printer to sell the scrap
.
·
14
and let the refiner do the work. "
There are a large number of reclaimers, refiners, and smelters that offer to
purchase scrap film and paper that no longer have any
photographic value.

A list of many of these firmsw 1s offer

ed in Appendix E.
lJ

"Recovering Silver, " p . 11 .

14 "How Much Profit Are You Flushing Down the
Drain?, ti Graphic· Arts Monthly, Vol. 41 ( November 19 69) ,
p. 45.
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Methods of Recov eryfrom Photographic Processing Solutions
There are three basic methods of· recovering silver

,,from used photographic processing solutions: metallic re-

.placement, electrolytic plating, and chemical precipita

tion. Any of these three methods . can be used separately

or in combination, depending on which 1 s most suitable for
the particular needs of the user.

By far, the most c�mmon- ·

ly used methods are metalli c replacement and electrolytic
plating.

This 1s probably due to the fact that the preci

pitation method is a long process and requires several
holding or storage tanks and special filtration.

At this

time, each of these three methods should be examined in de
tail.

Before going further in this examination, it should

be noted that a glossary of silver recovery related terms
appears in �ppendix F.
Metallic Replacement
Metallic replacement occurs when a metal such as
iron or zinc comes in contact with a solution containing
dissolved silver ions.

A chemical reaction takes place

that causes the iron or zinc to go into the solution as an
ion while the silver ion becomes metal in the �orm of a
· sludge.

For the sake of convenience and economy, most of

these systems use ste. el wool. ·

The acidity of the fix is an important factor when

using steel · wool in the recovery of silver.

'

Iron will
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dissolve in aci d solutions, and once the iron 1 s dissolved,
it will

no

longer react with silver ions.

Therefore, too

st�ong an acid s oluti on will result in the loss of s ome of
the ste el wool ,

However,. some dissolution of the iron by

the acid fix is de sirable because the etching action of the

acid expo ses new surface area to the solution. · Excess al
kalinity slows the replacement reaction. · According to

Kodak, "Most fi xes are within the range of pH ( a measure of
acidity ) for good utilization of steel wo ol.

Below a pH of

4, the dissolution of the ste el wool is to o rapid.

Above

a pH of 6 , the replacement reaction 1 s so slow that an ex
cessive amount of silver may be lost due to the long reac
tion time requi red to recov er the s1lver . .. l 5.

In . most replacement systems, hypo is poured into or
pas sed thr ough a cartridge containing steel wool.

When

the cartri dge has collected all the silver it can hold, it
is packed and shipped to . a refiner.

After removal of the

silver by metallic replacement, the fixing bath is highly
contaminated with iron.

Si nce it has no further photo

graphic use, it must be discarded.
The monitoring of such a system requires no more
complex a procedure than to know how much s olution pas ses
through the cartridge , at what silver concentrati on, and
15

"Recovering Silver, " p. 12.
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over what peri od of time.

A si mple test paper used some

what as a li tmus paper is used, is all that i s required to
�eterm1ne if the system 1s functioni ng pr operly ..

Thi s

test paper 1 s usually supplied by the manufacturer.
Electrolxtic Plating
In the electrolytic plating process,· the si lver · is

removed by passing a controlled di rect electri c current be�
tween two electrodes (an anode and a cathode) whi ch are
hung in the fixing solution.

Silver is deposi ted on the

cathode in the form of nearly pure si lver plate.

The cath
odes are removed peri odically and the si lver is removed. 16
During the recovery process, competing reactions - oc
cur at the cathode.

If the current is too strong for the

amount of si lver present in the solution, the thiosulphate
in the fixer will decompose, forming sulfide.

This n sul

fiding n problem wi ll reduce the current effi ci ency and can
stop further plati ng of silver, if seriou s enough .

In sys

tems designed to reci rculate the fix, the formati on of
sulfide may piake the fixer unfit for reuse.

When the cur

rent is too strong there will usually be a warning sign ;
the silver plati ng on the cathode will become dark brown or
black, rather than be� ng the usual cream or lig�t-brown
1 6 Anonymous, "Th e Argenta Series-Si lver Recovery
Systems, " ( Los Gatos, Cali forni a: Future Systems, Inc.,
197 1), p. 1 6.
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color .

The proper current strength to use in plating de

pends on many factors.
importfent.

The type of fixer being used is

Ammonium thiosulphate solutions will withstand

the strongest current.

As a result, silver is collected

on the cathode much faster than with a sodium thiosulphate
solution.

For the same reason, lower current levels can be

tolerated with ammonium thiosulphate solutions without sul
fiding.

Silver is plated much more efficiently in an acid

fixing solution than in an alkaline fixer.

Kodak has de

termined the optimum pH or acidity of the fix to be about
4. 5.

Fixers with a higher _pB can be desilvered, but a low

er current usually must be used.
Another factor to consider when determining proper

current strength is the extent to which the fixing solution
is agitated.

A system designed to agitate or recirculate

the fixer 1s generally required to furni sh a continuous
supply of silver-laden fixer around the cathode.

If the

fixer is not agitated, the current will be too strong for
the amount of silver concentrated in the solution near the
cathode and w111 result in the formation of sulfide.

The

greater the current strength, the greater the amount of
agitation required - to maintain efficient plating at a given
silver concentration.
The concentration of silver 1n the fixing bath also
affects proper c urrent strength.

The higher the silver

content, the more silver ions that will be present around
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the cathode.

Batch-type (non-agitati ng) electrolytic sys

tems can be operated at higher currents at the start of
the /recovery process, but later the current must be re
duced as the silver is removed.

Systems which recirculate

fixer can be operated continuously without varying the cur
rent strength.
It should be noted. that dirt in the fixing bath can
also affect plating.

Accumulated dirt in a fixing solution

can be troublesome since it may plate or be retained in the
silver plate.

Dirt particles can become areas of preferen

tial plating and result in large lumps on the cathode.
This condition leads to sulfidi ng of the bath and can even
tually short-out the cell.

For this reason , good filtra

tion - of the used fixing solution prior to recovery 1s ne
cessary in systems where the fixer is to be reused.
Electrolytic recovery systems can be installed 1 n
two basic ways.

One is �o desilver the fixer overflow from

a processing . machine as it flows to a sewer drain. This
system can · be operated for either a batch or continuous
flow-through cell.

Another method is to remove silver from

the fixer in a continuously recirculating system at approx

imately the rate at which it is being added by proces•sing.
The latter has the advantage of maintaining a low silver

concentration in the processing bath so that the amount of
silver carried out with the fixer into the wash tanks is
minimal.

A modification of the circulating system is to
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collect fixer overflowing from several pr ocessing machines,
desilver it in a separate electrolytic sy stem , and then
reconstitute the desilvered fixer to supply the processing
equipment again.
There are many different si zes of electrolytic sys
tems , each varyi ng in cost of operation and 1nstallat-1 on.
The smallest rec overy systems are designed for use inside
the fixing tank s of the processing equipment , with the
power supply mounted nearby .

With this type of system the

installation cost is relatively low , however, with larger
units or installations on mechanized processi ng equipment , .
it is necessary to mount the entire unit outside the fixing
tank to allow processi ng wi thout interference from the unit.
With these larger systems, inst�llation costs are higher
because of plumbing, mounting, separate tanks, and other
necessary equip�ent whi ch must be included in the instal
lation.
The labor required to operate these systems varies
with the size and type of installati on.

Units that are

operated on overflow from the fixing bath where the desil
vered solution is discarded require little attention to
regulate the chemistry , but should be frequently checked
to i nsure that proper silver recovery efficiency • is bei ng
maintained .

Units operating i n a recirculating system re

quire more attention because of possible interaction with
the chemicals of the :fixi ng bath.

In larger 1nsta�lations ,
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thi s additional attenti on i s justi fi ed because a higher
percentage of silver can be recovered in a rec i rculati on
syst �m ·than i n an overflow system.

Thi s i s because the

silver content in the processor fi xer tank 1 s mai ntai ned at
a lower level, therefore reduci ng the amount of silver lost
by carry-out o� the film or paper.
Whether the unit i s u sed i n the fi xer tank or i n a
c irculation system, chemi cal control of the soluti on l s
necessary, and the operati on of the units mu st be balanced
to the processing load.

Both the large and small types of

units must be di smantled and cleaned at regular i ntervals,
and the silver collected and shipped to the refi ner.
As menti oned earlier , metalli c replacement and elec �
trolyti c plati ng are the two most widely used methods of
recoveri ng si lver f_rom photographic processi ng solutions.

However, to make ·thi s study complete, the chemi c al preci
pi tation proce s s should also be described.
Chemi cal Prec i pi tation
In thi s · process, c ompounds are added to spent fixing

baths to preci pitate the silver contai ned i n them.

These

compounds cause the si lver to preci pitate in the form of a
sludge on the bottom of · the tank used for recovery·.

The

solution floating above the sludge i s decanted off and the

sludge i s then filtered, dri ed, and packaged for shipment
to a refiner.

Because of the fi ne colloi dal nature of
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precipitated silver, filtration is usually a slow process.
Fixing baths desilvered in this manner must - be discarded
because they are no longer suitable for photographic use.
There are two basic methods used to chemi cally pre
cipitate silver from fixing solutions.

One of these meth

ods is the s�lfide recovery method in which sodium sulfide
is used to precipitate the silver.

Another method is the

ion-exchange method. i n which ion-exchange resins are used
to precipitate the silver.

This method is considered too

expensive_ because the resins have a limited capacity and

the problem of recovering the silver from the resins also
e xists.
In addition to metallic replacement, electrolytic
plating and chemical precipitation, other methods of recov
ery have been tried in the past with varying success.
•• Many more chemical agents besides sodium sul:fide will pre
cipitate silver from fixes ;. sodium hydrosulfite and sodium
borohydride are but two.

However, sodium sulfide is one of

the cheapest · and mos t readily available of the chemicals
that succes_sfu1ly prec1p1tate silver. •• 1 7

Substantial quantities o� silver are lost in the wash

process following· the fix. · Ion-exchange and reverse osmo

sis are being investi gated as pos sible techniqu�s tor re
covering silver from these extremely dilute soluti ons.
17

" Recoveri ng Si lver, " p. 22.
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Choosing � Method S!1._ Recovering Silver From
Photographic Processing Solutions
In gener�l, those fi rms engaged in processing photo
grapbic films, pla�es, and papers can use two different ap
proaches to si lver recovery .

They, themselves, can recover

silver in their plant by any of the methods just described,
or they can contract for the services of firms who spec1al_ 1ze in this field .

The choi ce depends on the fi rm ' s avail

able personnel who can be u sed to operate and maintain the
recovery system at a lower cost than would be incurred if
a services company were used .
One might also want to consider the services render
ed by service organizations in addition to silver recovery .
These organizations offer various types of services .

Some

services offer a pick-up service for exhausted fixing baths,
while others participate in a solution-exchange program .

Some services als o set up, maintain, and service a complete

silver recovery service cust omdesigned for the user's
needs .

For those firms that use the metallic replacement

process, there are "proprietary systems" in which the smel
ter or refiner loans or rents silver-rec_ laiming filters or
silver-collector plates to the user.

When these are �1lled

with silver, the refiner takes them back and pays the user
for the increase in weight attributable to silver.

Some

s1 lver reclaiming servi ces furnish . install . and m
aintain
the silver re· c.overy equipment at no cost .

These services

JO
refine the silv er and then pay the user 5 0 per cent of the
gross dollar value rif the silver.
/

If the user decides to recover silver in his own

plant, he should choose between electrolytic recovery and
metallic replacement recovery.

Chemical precipitati on pro

cesse s ar� seldom used because of the simplicity and ease
of alternate methods.

Each of the three proc esses has its

advantages and disadvantages.

The potential buyer of sil

ver recovery equipment should be aware of these in order to
help himself decide which process best suits his needs.
Therefore , the following pages list the advantage s and dis
advantages of each proce ss.

Kodak lists these as follows , 1 8

Electrolytic Recovery
Advantages ,
1.

Economical in cos t per ounce of silver recovered

in large scale operations.
· 2. P ermits the reuse of, or increases the life of,

sodium tniosulphate fixing baths.

This advantage may not

be realized - with ammonium thi osulphate fixers.

J. When incorporated with a continuous circulating

system, more silver is avai lable for recovery.

More ef'fi

cient washing is realized because less silver is carried
over into the following wash.18

"Recovering Silver, " pp. 22-24.
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4. The process is considered to be clean and yields
silver of a high degree of purity.

As a result, shipping

costs to the refiner are kept at a minimum .

The dry silver

plate normally will assay between 92 and 98 per cent silver.
The plate can be easily dried before shipping.
Disadvantages :
1 . Electrolytic equipment i s relatively high priced .
2. Requires frequent monitoring to insure proper
operation.

J.

Recovery efficiency may not be as high as metal

lic replacement systems unless the system

1 s well

monitor

ed and controlled .
4 . Requires time to strip the silver from the
ode .

cath

The stripped silver flake must be handled with the .

security appropriate for valuable materials.

5. May create a space problem in crowded process

ing areas .
Metallic

Re-plac ement Rec overy

Advantages :
1. ·

When

used as directed, the system will remove up

to 99 per cent of the available silver from the �fixer pass
ing through the equipm�nt.
2. Necessary equipment is inexpensive.

3 . Simple, nonelectrical installation .

4. ·Requires 11 ttle attenti on .

The metal cartridge
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is eas i ly replaced when exhausted and the silver 1 s re
moved.

This is conveniently done by replacing the spent

cartri ,dge with a fresh one.

5 . System is readily adaptable to either manual or

mechanized processing operations • .

Disadvantages :

1. Fixing bath, after recovery, has no further
photographic use.
2. Does not lower silver concentration of working ·
fixing bath.
Chemical Precipitation Recovery
Advantages ,
1 . 100 per cent of dissolved silver is precipitated.
2. Very economical ; equipment consists primarily of
inexpensive holding tanks.

J.

Requires a minimum of skill or manual dexterity.

4. Simple nonelectrical system.
Disadvantages :.
1. Settllng times are very long.

This requires

holding tanks of a size commensurate with s. everal days '
output of fixer.

Not particularly suited for verY- large

1 nsta1la.tions.
2. Removal of particulate soli ds from the desilvered
fix is a problem.

Decantation is slow and filtration

requires an expenditure for equipment.
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J.

Requires the storage of chemicals which can

potentially contaminate the photographic process.

/

4. Desilvered fixing bath is usually unsuitable for

reuse in photographic proce sses.
Selling the Recovered Silver

Once an · organization installs a silver recovery sys
tem, it must find a buyer for its reclaimed silver .

There

are smelters, reclaimers, and refiners that are interested
in purchasing this silver.

These potential buyers can be

· round in local clas sified telephone directories or in the
Thomas Register of American Manufacturers, which is avail
able in most of the larger libraries.
Many �f the se firms will buy any kind of silver
waste from the photographic process, such as scrap film and
paper, sludges, silver plate or flake, and exhausted metal
lic replacement cartridges.

Some of these companies offer

truck pick-up service in large cities, or supply containers
for shipping from other areas.

The assay, refining, and

handling charges vary according to the amount of waste in
volved and the degree of purity.
Appendix E present s a listing of silver services,
reclaimers, collectors, refiners, and manufacturers of sil
ver recovery equipment - that purchase reclaimed silver in
different forms.

This listing was drawn from two sources .

The majority of the li stings were supplied by the Eastman
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Kodak Company.

Kodak • s listing s a-re .supplemented with the

names of firms whose responses to the mail que stionnaire
1naicated that they purchased reclaimed silver.
While the li stings would appear to be quite compre
hensive, they are by no means complete.

Kodak recommends ,

"It may be advisable for - the indivi dual looki ng for silver

recover y services to contact several of these people ( or

others that may not be listed ) to determine which firm or
firms can best sati sfy his ne eds. " 19
19

"Recovering Si lver, " p. 24.
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CHAPTER IV
C OMPARATIVE CLASSIFICATION OF SILVER REC OVERY
EQUIPMENT FOR THE GRAPHIC ARTS INDUSTRY
This chapter is composed of six tables.· Each table
contains pertinent data regarding the characteristics of 3 1
models of silver recovery devices manufactured by 11 differ
ent companies .

As noted in chapter 2, the material present

ed in this chapter came from completed questionnaires, re
ports, papers and pamphlets received · from suppliers of sil

ver recovery equipment.

The author wishes to note that al- '

though 18 suppliers responded to the mail survey, only 1 1
are included in this chapter.

Only 11 firms are presented ,

because the other respondents either supplied the same equip
ment or were no longer suppliers.

The first two columns of

Tables 5 through 9 list suppliers and the silver recovery
devices available from each supplier.

Where column headings

in the tables do not pertain to a particular model of silver
recovery device, "Does not apply " is noted .in the appropri
ate space.

If specific information regarding a piece of

silver recovery equipment was unavailable from the $Upplier,
"Not available " a p pears in the appropriate spac e-.
Tabl e 4 lists the name s and addre s s e s of those sup

pliers whose equipment is compared in this chapter . so that
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the reader may contact the supplier for further informati on
if he desires .

This table also indicates whe ther the sup-

plier is th.e manufacturer of the equipment, a distributor
only, or a combination of both.

Those manufacturer s who s e

equipment i s also distributed by other firm.s are indicated
by an asterfsk. · ·

Table 5 notes which of the silver recovery proc e s se s .

1 s employed by each model of silver recovery device.

Also

listed in thi s table is the recovery efficiency of each
model.

The efficiency of a si lver recovery device may be

thought of in two ways ; the system efficiency and the chem
ical or electrochemical efficiency.

The system efficiency ,

refers t·o the percentage of the total availabl e silver that
is recovereq by the system.

The chemical or electrochemical

efficiency 1s the efficiency at which the actual reaction of
recovery proceeds.

The recovery effici encies listed in Table 5 r ef er to

the system efficiency of each device.

The goal of any sil

ver recovery syst em 1s to recover as much silver as po s sible,

as economically as pos sible.

The value or electricity or

steel wool is generally insignificant , compared to the value
of the silver recovered • . Therefore, the only important con
sideration 1s the sys tem effi ciency , or how much of the
available s i lver is actually being recovered.
Table 6 presents the recovery capacity of each model

of silver recovery device and the assay value of the silver ·
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recovered by each device.

The recovery capacity refers to

the maxi mum number of Troy ounces of silver. that can be re
cover�d by a device in one hour of continuous operation .
The assay value of the recovered silver refers to the purity
of the silver �
Table 7 indicates the method or methods in which each
piece of silver recovery equipment can be installed to re
cover silver.

A processor overflow installation removes .
silver from the fixer overflow streams of automatically re
plenished processing equipment.

With the tandem hookup type

of installation, two silver recovery devices are used in
series in order to handle a large amount of fixing solution.

Batch recovery refers to installations where exhaust

ed fixing solution is saved from tray or tank changes and is
then processed for silver recovery when enough fixer is ac
cumulated .

This trpe of installation is generally used when

a firm does its film and paper processing in trays, using
small batches �-f fixing solution.

Firms using fi lm or paper

processing equipment generally use a fixer recirculation
system in which ·silver is continuously removed , and the fix
er 1 s pumped back into the processing equipment for reuse.
Table 8 indicates the labor and power requirements
for each model of silver rec overy device.

Labor require

ments refer to the the amount of labor needed to operate the
equipment , and are presented in three forms ; operates un
attended, must be attended, and needs periodic observation.
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Power requirements are included becaus e the cost of rewiring
for new equipment can be subs tantial.
/ Table 9 presents the r ental and/or purchase price for
each piece of silver recovery equipment. These include the
acquisition cost of the equipment only.

Where installati on

of the equipment has to be done by the manufacturer or dis
tributor, there are u sually additional charges.
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TABLE 4

A COMPARATIVE CLASSI F'ICATION OF SUPPLIERS
.AND NATURE OF BUSINESS
Supplier
Arrifiex Corporation of America
25-20 Brooklyn Queens Expressway Wes t
New York , New York 1 00 1 0
CinTel Corporation
1 1 801 W. Olympic Blvd .
Los Angeles , California 90064
Eastman Kodak Company
343 State . Street
Rochester, New York 14650

Nature of
Business
Distributor only
Manufacturer
and
distributor
*Manufacturer
and
distributor

Fairchild Hiller Space & Electronics
Sherman Fairchild Technology Center
Fairchild Drive
Germantown , Maryland 20767

Manufacturer
and
distributor

Oscar Fisher Company , Inc .
P .O . Box 426
Newburgh , New York 1 2553

Manufacturer
and
distributor

Future Systems � Inc .
809 University Avenue
P .O . Box 1820
Los Gatos , California

· Manufacturer
and
distributor

M otion Picture Equipment Co . , -Inc .
64JO Central Avenue
Seat Pleasant , Maryland 20027

*Manufacturer
and
distributor
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TABLE 4 ( continued )
Nature of
Busine ss

Supplier
Silvermat Service Company
9300 Manchester Road
St . Louis , Missouri 631 19

Distributor only

W.B . Snook Corporation
Rotex Division
751 Loma Verde Avenue
Palo Alto , California 94)03

*Manufacturer
and
distributor

States Smelting and Re fining Corporation
1 550 Elida Road
Lima , Ohio 45805
X-Rite Company
4500 Roger Chaffee Dr . , S .E .
Grand Rapids , Michigan 49508
* Write manufacture r for name

Manufacturer
and
dis tributor
*Manufacturer
and
distributor

and

address of local distributor .
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TABLE .5

A COMPARATIVE CLASSI FICATION OF RECOVERY
PROCESSES AND RECOVERY EFFICIENCY FOR
EACH MODEL OF SILVER RECOVERY DEVICE
Process
Employed

Recovery
Efficiency

1 0A

Ele ctrolytic
plating

Up to 1 00%

2.5A

Electrolytic
plating

Up to

,50A

Electrolytic
plating

Up to 100%

1 00A

Electrolytic
plating

Up to 1 00%

Mini-Agtec
Model 50

Electrolytic
plating

Up to 95i

Midi-Agtec
. Model 240

Electrolytic
plating

Up to 9.5%

Maxi-Agtec
Model 600

Electrolytic
plating

Up to 9.5%

Metallic
replacement

2 .5 to . 99%

Destruction of
film by burning

98 to 1 0�

Supplier

Model

Arriflex Corp .
of America

CinTel Corp .

Eastman Kodak
Company
Fairchild Hiller
Corporation

Recovery Cartridges
Types 1P & 2P
1 1 50

1ooi
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TABLE 5 ( continued )
Supplier

/

Model

Process
Employed

Recovery
Effi ciency

Oscar Fisher
Company, Inc .

Ag-Omat

Electrolytic
plating

9 8%

Future Systems ,
Inc .

Argenta
Model 5

Electrolytic
plating

Not
· available

Argenta
Model 1 0

Electrolytic
plating

Not
available

Argenta
Model 30

Electrolytic
plating

Not
available

Argenta
Model 60

Electrolytic
plating

Not
available

Argenta
Model 75

Electrolytic
plating

Not
available

Sterling 1

Electrolytic
plating

95 to 987b

. Sterling 2

Electrolytic
plating

9 .5 to 9 8'1,

Sterling 3

Electrolytic
plating

95 to 98%

Sterling 1 0

Electrolytic
plating

9 .5 to 98%

Motion Picture
Equipment Co .

Silvemat Service
Company

Silvermat
Processor

Metallic
Replacement

100%
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TABLE 5 ( continued )
Process
Employed

Re covery
Efficie.ncy

Ag-Get

Electrolytic
plating

97 to 98%

X-4

Electrolytic
plating

97 to 98%

500- 2

Electrolytic
plating

97 to 98%

234

Electrolytic
plating

97 to 98%

1 033

Electrolytic
plating

97 to 98%

1 060

Electrolytic
plating

97 to 98%

· 2000

Electrolytic
plating

97 to 98%

States Smelting &
Re fining Corp .

Tam-o-flo

Electrolytic
plating

90 to

X-Rite Company

Prospector
Model 1 5

Electrolytic
plating

9 .5+%

Prospector
Model 100

Electrolytic
plating

9 5+%

Prospector
M odel JOO

Electrolytic
plating

9 5+%

Supplier

Model

W.B . Snook Corp .
Rotex Division

1ooi
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TABLE 6
A COMPARATIVE CLASSI FICATION OF RECOVERY CAPACITY
AND ASSAY VALUE OF SILVER RECOVERED WITH EACH
MODEL OF SILVER RECOVERY DEVICE
Recovery Capacity
( Troy ounces /hr ._)

As say Value
( % pure sil,,er )

Supplier

Model

Arriflex Corp .
of .America

10A

.8

Not
available

25A

2.0

N ot
available

50A

400

Not
available

100A

8 .0

Not
available

CinTel Corp .

Eastman Kodak
Company
Fairchild Hiller
Corporation

Mini-Agtec
Model 50

.?

Midi-Agtec
Model 240

JoO

97 to 99+

Maxi-Agtec
Model 600

7. 5

97 to 99+ <Ii

Recovery Cartridges
Types 1P & 2P
1 1 50

Not
available
Does not
apply

9 7 t o 99+ '/,

Not
available

99+ 1,

%
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TABLE 6 ( continued)
Supplier

,
Oscar Fisher
Company, Inc .
Future Systems ,
Inc .

Motion Picture
Equipment Co .

Recovery Capacity
( Troy ounces /hr� )

Assay Value
(1, pure silver)

Ag-Omat

2.0

98+ 1,

Argenta
Model 5

.5

Argenta
Model 1 0

1 . 2.5

98

Argenta
Model J O

J.O

98 to 991,

Argenta
Model 60

7 • .5

98 to 99%

Argenta
Model 75

9.0

98 to 9%

Sterling 1

1 .0

99 . 7%

2.0

99 . 7%

Sterling J

J.O

99 . 71,

Sterling 10

10 . 0

Model

Sterling 2

S ilvermat Service
Company

Silvermat
Proces s or

..

Unlimited

98 to 99%
to

99%

i�

1;1

t'I
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TABLE 6 ( continued)
Supplier

/

W.B . Snook Corp .
Rotex Division

· Model

Recovery Capacity
( Troy ounces/hr . )

(%

Assay Value
pure silver)

Ag-Get

1 .0

95 to 96%

X-4

1 • .5

9.5 to 96%

.500-2

95 to 96% ·

234

95 to 96i,

1 033

J . 0+

9.5 to 96%

1 060

J . 0+

95 to 961,
95 to 96%

2000

50 oz . per

95 to 98%

States Smelting &
Refining Corp .

Tam-o-flo

X-Rite Company

Prospector
Model 1 5

. 15

·90 to 97%

. Prospe ctor
Model 1 00

1 .0

90 to 97%

Prospector
Model JOO

JoO

90 to 97%

cleaning
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TABLE 7
A COMPARATIVE CLASSIFICATION OF METHODS IN \'JHICH EACH
MODEL OF SILVER RECOVERY DEVICE CAN BE INSTALLED
Methods of
Installation

Supplier

Model

Arriflex Corp e,
of America

1 0A

Tandem hookup
Batch recovery
Recirculation system

25A

Tandem hookup
Batch recovery
Recirculation system

50A

Tandem hookup
Batch recovery
Recirculation system

100A

Tandem hookup
Batch recovery
Recirculation system

Mini-Agtec
Model 50

Processor overfiow
Tandem hookup
Batch recovery
Recirculation system

Midi-Ag tee
Model 240

P rocessor overflow
Tandem hookup
Batch recovery
Recirculation system

Maxi-Agtec
Model 600

Processor overflow
Tandem hookup
Batch recovery
Recirculation

CinTel Corp .
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TABLE 7 ( continued )
Methods o f
Installation

Supplie�

Mod.el

Eas tman Kodak
Company

Recovery Cartridges
Types 1P & 2P

Processor overflow
Tandem hookup
Batch recovery

Fairchild Hiller
Corporation

1 1 50

Does not apply

Oscar Fisher
Company , Inc .

Ag-Omat

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Future Systems ,
Inc o

Argenta
Model .5

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Argenta
Model 1 0

. Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Argenta.·
Model 30

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Argenta
Model 60

Processor overnow
Tandem hookup
Batch recovery
Recirculation system

Argenta
Model 75

Processor overflow
Tandem hookup
Batch recovery
Recirculation system
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TABLE 7 ( continued )
Methods of
Installation

Supplier

Model

Motion Picture
Equipment Co.

S terling 1

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Ste rling 2

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Sterling 3

Proces s or overflow
Tandem hookup
Batch re covery
Recirculation system

Sterling 1 0

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Silvermat Service
Co1npany

Silvermat
Processor

Processor overflow

W.B . Snook Corp .
Rotex Division

Ag-Get

Processor overflow
Tandem hookup
Batch recovery

X-4

Batch recovery

500-2

Processor overflow

234

Processor overflow
Recirculation system

.5 0

TABLE 7 ( continued )
Methods o f
Insta.llation

Supplier

Model

WoB . Snook Corp o

1 0JJ

Processor overflow
Batch recovery
Recirculation system

1 060

Processor overflow
Batch recovery
Recirculation system

2000

Not available

States Smelting &
Refining Corp ci

Tam-o-no

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

I-Rite Company

Prospector
Model 1 .5

Batch rec overy
Recirculation system

Prospe ctor
Model 100

Processor overflow
Tandem hookup
Batch recovery
Recirculation system

Prospector
Model JOO

Proces sor overflow
Tandem hookup
Batch recovery
Recirculation

Rotex Division
( continued)

..

.5 1

TABLE 8

A COMPARATIVE CLASSI FICATION O F LABOR AND
POWER REQUIREMENTS FOR EACH MODEL
OF SILVER RECOVERY DEVICE

Supplier

Model

Labor
Required

Power
Required

Arriflex Corp .
of America

1 0A

Operates
unattended

220V A o C .

25A

Operates
unattended

220V A . C .

5 0A

Operates
unattended

220V A . C .

1 00A

Operates
unattended

220V A . C .

Mini-Ag tee
Model 50

Needs periodic
observation

1 1 5v A . c .

Midi-Ag tee
Model 240

Operates
unattended

1 1 5V A . C .

Maxi-Agtec
Model 600

Operates
unattended

1 1 5V A . C .

Needs periodic
observation

None
required

Needs periodic
observation

1 1 5V A o C .

CinTel Corp.

Eastman Kodak
Company
Fairchild Hiller
Corporation

Recovery Cartridges
Type s 1P & 2P
1 1 50
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TABLE 8 ( continued)
Supplier

Model

Labor
Required

Power
Required

Oscar Fisher
Company , Inc .

Ag-Omat

Operates
unattended

115V A. C .

Future Systems ,
Inc .

Argenta
Model 5

O pe rates
unattended

1 1 .5V A . C .

Argenta
Model 1 0

Operates
unattended

1 1 5V A . C .

Argenta
Model JO

Operates
unattended

1 1 5V A . C .

Argenta
Model 60

Operates
unattended

1 1 5V A . C .

Argenta
Model 75

Ope rates
unattended

1 1 5V

Sterling 1

Needs periodic
observation

1 1 5V A. C .

Sterling 2

Needs periodic
observation

1 1 5V A . C .

S terling 3

Needs pe riodic
observation

1 1 5V A . C .

Sterling 1 0

Needs pe riodic
observation

1 1 5V

A.C.

Silvermat
Processor

Ope rates
unattended

1 1 5V

A.C.

Motion Picture
Equipment Co.

Silvermat Service
Company

A.C• .
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TABLE 8 ( continued )
Labor ·
Required

Power
Required

Ag-Get

Needs periodic
observation

1 15V A o C .

X-4

Operates
unattended

1 15V A . G .

500-2

Needs periodic
observation

1 1 5V A o C .

234

O pe rates
unattended

1 15V A. C .

103)

Operates
unattended

1 1 5V A . C .

1 060

Operates
unattended

1 1 5V A. C .

2000

Not
available

1 1 5V A. C .

States Smelting &
Refining Corp �

Tam-o-flo

Operates
unattended

1 1 5V A . C o

X-Ri te Company-

P rospecto r
Model 1 5

Needs periodic
observation

1 1 5V A . C .

Prospector
Model 100

Operates
unattended

1 1 .5V A . C .

Prospe ctor
Model JOO

Operates
unattended

1 1 5V A . C .

Supplier /

Model

W. B o Snook Corp .
Rotex Division
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TABLE

9

A - COMPARATIVE CLASSI FICATION O? THE ?�i :-.E. _!�\"I _ 'OR
2
PURCHASE PRICE FOR EACH SILVE:rt REC.:-G:2

:r:::r:

Hontt.ly
Rent:: -

Purchase
Price

10A

Does :10 :.
app:.:i

$2 ,960

25A

Doe s :::.o :

$3 , 730

50A

Doe s ;..,J t

$4 , J00

1 00A

Does ::-ot
apply

$4 , 980

Mini-Agte c
Model 50

Doe s ::o t

Midi-Ag tee
Model 240

Does :io t
apply

$675

Maxi-Agte c
Model 600

Does :. J�.,

$2 ,295

Supplier

Model

Arrifiex Corp .
of America

CinTel Corp .

app:_7

appJ.:,

$229

apply

app�7

Eastman Kodak
Company

Re covery Cartridges Does :-:-. 0 :.
Types 1P & 2P
app:.7

Fairchild Hiller
Corporation

1 1 50

�iot

avai2. aj�e

•·

$16
$13, 250
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TABLE 9 ( continued )
Monthly
Rental

Purchase
· Price

Ag-Omat

Does not
apply

$750

Future Systems , Inc . Argenta
Model 5

Does not
apply

$2 55

Argenta
Model 1 0

Do ... s not
apply

$49 5

Argenta
Model 30

Does not
apply

$795

Argenta
Model 60

Does not
apply

$2 . 950

Argenta
Model 7.5

Does not
apply

$J , 895

Sterling 1

Does not
apply

$ 1 , 195

Sterling 2

Does not
apply

$1 , 550

Sterling J

Does not
apply

$ 2 , 595

Sterling 1 0

Does not
apply

$6 , 500

Silvermat
Proce ssor

50% of

Suwlier

Model

Oscar Fisher
Company, Inc .

Motion Picture
Equipment Co .

Silvermat Service
Company

11

silver recovered
proprietary system"

Does not
apply
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TABLE 9 ( continued )
Supplier

I

W.B . Snook Corp .
Rotex Division

· Model

Monthly
Rental

Purchase
Price

Ag-Get

Does not
apply

$2 99

X-4

Does not
apply

$595

500-2

Does not
apply

$887

2J4

Does not
apply

$ 1 , 1 30

1033

Does not
apply

$ 1 , 795

1060

Does not
apply

$2 , 01 0

2000

Does not
apply

$6 , 000

$39 . 00 Deposit
plus 50% of
( or )
silver recovered
" proprietary system"

States Smelting &
Refining Corp .

Tam-o-ilo

X-Rite Company

Prospector
Model 1 5

Does not
apply

$160

Prospector
Model 1 00

Does not
apply

$320

Prospector
Model JOO

Does not
apply

$ 1 , 395

(.

$295
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CHAPTER V
. C ONCLUSI ON

Why recover silver from photographic products?

Why

not let i t just go down the drain in used photograhic fix
er , or throw it away in u sed. fi lm and paper?

The answer is

found in thr·ee ma j or problems now faci ng the graphic arts
indu.s try .

Simply stated , the graphi c arts industry faces i

· ( 1 ) a severe shortage of silver, an essential raw materi al
in the manufacturing of photographic supplie s; · ( 2 ) rising

production costs due to the ever increasing cost of photo�
graphic supplies, and { J ) government regulation of disposal
of photographic wastes due to public concern about water
pollution.
Withi n the last two years , the graphic arts industry
has become increasingly aware that silver recovery can be
an effective . means for solving these problems .

Those firms

that have alr eady begun using silver recovery equipment
have found that they are able to : reduce. operation costs;
increase the quantity of available silver ; m i nimize rising
costs of photographic supplies; insure a steady availability
of such supplies , and _ do their part in pollu tion abatement .
Only through informati on supplied by firms doing re
search for the graphic arts industry or studies such as
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this, can those in the graphic art s industry be made aware
of the advantages of silver recovery.

In .every new is sue

of publicati ons dealing with the graphic arts industry,
more and more manufacturers of silver recovery equipment
offer free information about silver recovery.
Altho�gh manufacturers are 1 nforrn1 ng the graphic
arts industry about the importance of silver recovery, most
of them only offer informati on about the equipment they
themselve s manufacture, which is to be expected.

Therefore

a study of this type, which includes data on many different
brands and models of silver recovery devices has more to
offer the potential buyer of silver recovery equipment.
Firms considering the reco�ery of silver in their
own plant have a variety of alternatives open to them.

By

contracting for a ''proprietary system, " a firm can start
recovering silve� without any outlay of capital , or it can
purchase its - own equipm
ent for as little a s $ 160 .

The type

and cos t of equipment purchased, will depend largely on the
volume of recoverable silver the firm wishes to reclaim.
For reasons described earlier, the mo st wide1y u sed types
of equipment are those that u se the electrolytic plating
and metallic replacement proces ses.
Available types of si lver rec overy equipment recover
from 90 to 100 per cent of the silver potentially recover
. able from u sed photographic materials, with the silver
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assaying from a range of 9 0 to 99 per. cent pure silver.

r1ost models can _ be installed to recover silver in more than
one way, and are d esigned to recover from as little as .1 5

Troy ounces of silver per hour or as much as 1 3 Troy ounces
of silver per hour of continuous operation.

The ·majority of silver recov ery devic·es· operate on

regular 115 Volt A.

installation .

c.

power and require no rewiring during

Most silver recovery equipment operates un

attended, or ne eds only periodic observation during opera- 
tion.
Considering the described problems now facing the
graphic arts industry and the relative ease with which
these problems can be solved through silver recovery, the
author foresees a great increase in the number of graphic
arts firms installing silver recovery equipment.
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APPENDIX A
EXAMPLE OF LETTER OF INQUIRY
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Dear Sir :,Your article on silver recovery which appeared in the Au
gust 1 9 70 issue of Printing Production has inspired me to
further investigate silver recovery, but I could use some
help.
I am studying for my Master ' s Degree in Printing Manage
ment at South Dakota State Univeraity. Currently, I am
doing research for a master ' s thesis concerning silver
recovery for the Graphic Arts.
By writing people that are knowledgeable in this field, I
hope to answer questions such as ,
a)

Why is the salvage of silver important?

b)

What processes are now available for silver
recovery?

c)

What are the advantages and disadvantages of
the different processes?

d)

Who sells or leases equipment for the reclaim
ing · of silver?

e)

What is. the cost of the equipment or service?

f)

To what extent 1s the Graphic Arts Industry
using this equipment?

g) · How would a firm evaluate its potential savings
from silver recovery?

Would you please send me any technical bulletins, brochures,
photographs or literature that could help me answer these
questions? It is my belief that this type of study can be
of much value to our industry. Your time and assistance in
making this study complete is greatly appreciated.
Sincerely· yours,
Kenneth K. Bittner
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APPENDIX B
EXAMPLE OF REPLIES RECEIVED FROM PERSONS
WHO WERE SENT A LETTER OF INQUIRY
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EAST M A N K O DA K C O M PA N Y
PLY T O
, � :,R E S S R E
RKS
• ' PA R K WO

ROCH ESTER, N EW YORK

1 4 650

T EL EP H ON E
A R EA C O D E 7 1 6

G LA DSTO N E 8 - 1 000

February 1 , 1 9 7 1
Mr . Kenneth K. Bittner
Scobey Hal l, Room 468
Univer s ity Stat ion
Brookings , South Dakota

5 7006

Dear Mr . Bittner :
At tached are cop i e s o f Kodak Publications No . J- 9 ,
"S i lver Recovery wi th the Kodak Chemical Re covery Cartridge, "
No . J- 10, "Recovering S ilver from Photograph i c Material s , " and No .
J- 3 2, "Recovery o f S i lver from Dis card ed Photographi c Films and
Papers 1 1 • The se cont ain the an swers to the que stion s asked in your
recent letter. The Eastman Kodak Company, as we l l as o ther manu
facturers Qf photographi c product s and user s of s i lver, have been
concerned for s ome time about con serving this important natural
re source. The Graphi c Art s industry i s a s igni fi cant and rapidly
growing user o f photographic goods and a s tudy such as you are
under taking should be a valuab l e contribution in the are a o f
s i lver recovery.
Your very truly,

� ·r

C'\

'--- .__r.,:_'>., �-.....-�

RHForbes : PAM
Enc l osure s

I\-\
<

·�
\'
-\--c-���-

- .

R i chard H. Forbe s
Coord inator for S i lver Recovery
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APPENDIX C
ILED TO
EXAMPL E OF QU ESTI ONNAI RE MA
TORS OF
MANUFACTURER S �1) DI STRI BU
SILVER RECOVERY EQUI P!1ENT

65
Please answer the followi ng questions by checking or pro
viding the appropriate answer in the spaces provided.

------------------------

Company name

( 1 ) Which of the following categories best describes your
organization?
manufacturer of silver recovery equipment
distributor only
both • a manufacturer and distributor
( 2) Which of the following best describes your firm ' s
distribution of silver recovery equipment?
sells ( only )
rents ( only)
rents and sells equipment
( 3)

If your organization sells and rents silver recovery
equipment , approximately what percentage of your
business is : (indicate 0-100%)

--- -on

a purchase basis

on a rental basis

(4) Please list. the silver recovery equipment or machines
your organization presently market . ( indicate with
brandnames and/or model numbers)

I MPORTANT !

After answering question 4, it is not necessary to
re-list the names or models of the silver recovery equip
ment available from your company. However, when answer
ing all questions after question 4, please be sure that
the numbers (1, 2 , 3 , 4, 5 ) provided with each question cor
respond with the numbers ( 1, 2, 3, 4, 5) next to your answers
in question 4.
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{ 5 ) What is the total cost of each piec e of silver re c· overy
equipment you listed in quest1on _ 4?
/

1

Monthly
Rental

Purchase
Price

2

5
( 6) What method does each piece of your equipment use to ·
recover silv er ?

(check appropriate box)

3

2

1

metalli c replacement
electrolvti c platin�
recoverv from scrap film

4

5

( 7 ) Please indicate the method or methods in which each

type of your equipment can be installed , ( indicate ,
more than one method i f equipment can be installed
in more than one way)
uroces sor overflow
tandem hook-up
holding tank or
batch recoverv
fixer recirculation
s:v stem

1

2

3

4

s

(8 ) What is the recovery efficiency of each of your silver
rec overy devices ? ( pl ease indicate as a percentage
of silv er · reoovered )

II

( 9 ) What 1 s the assay value of si lv er recovered by each
type of equipment your organi zation markets ?
i ndi cate as a percentage)

( please

1

2
5
( 10 )

What 1 s the recovery capacity of each type of equi p
ment you market? (please indicate in Troy ounces/Hr. )

II
(11) Whi ch of the following categorie s -be st d escribes
your equipment during normal recovery ope ration?
operate s unattend ed
must be attended
needs periodic obs ervation

1

'

2

4

5

( 12 ) Indicate how each type of equipment operate s.

4

3

2

1

requi res
electri city
non-electric

5

{ 1 3 ) If electri c power i s necessary to operate the equip
ment , please i ndicate the type of power needed .
· 1 1sv A. C .
2 2 0V

1

. 2

3

4

A. C.

440V A . C .

I f other type of power, please list equipment as
( 1 , 2 , 3 , 4, 5 ) and d escri be type of power needed

---
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(14 ) Does your organization purchase the recovered silver?
yes

no

(15 ) If you - answered yes to question 14 , indicate what
form of recovered silver your firm purchas e s.
(indicate any number of forms )
metallic cartridges
silver flake
film
paper

a sh
solutions
sludge

Any comments you might have will be greatly appreciated.
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APPENDIX D
EXAMPLE OF L ETTER OF TRANSMITTAL THAT
ACCOMPANIED EACH QUESTIONNAIRE MAILED
TO Y.iANUFACTURERS AND/OR DISTRI BUTORS
OF SILVER REC OVERY EQUI PMENT
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Dear Sir s
As a candidate for a Master of Science Degree in Printing
Management at South Dakota State Uni versity, I am currently
involved in a thesis entitled: A Study of Silver Recover!
Processes and Comparative Classifi cation of Silver Recovery
Equipment for the Graphic � I ndustry
.
I realize that your firm manufactures and/or distributes
equipment for recovering silver. With this in mind, I
would be most appreciative if you could assist me in accum
ulating dat.a pertinent to my study.

Enclosed with this letter is a questionnaire des i gned to
assist me in obtaining the exact information I need to com
pile data on silver recovery equipment in a systematic and
complete manner. I would be very grateful if you could
take some time and fill-in the information I need. If any
of the questions cannot be answered because the information
is not conveniently at hand, please fill-in those that are
convenient to answer. However, a fully completed quest1 on-
naire would increase the value and validity of my thesis .
r r you would rather have another person in your organ1 za� _
tion complete the questionnaire, please forward it to that
individual .
I would appreciate your returning the completed question
naire in the accompanying self-addressed, stamped envelope
at your earliest convenience.
Any further data, information, or literature you believe to
be relevant to a study of this type would also be greatly
appreciated. · I believe that a study of this type can be of
value to our industry. Thank you for your time and assist
ance in making this study pos sible.
Respectfully yours,
Kenneth K . Bittner
ENCL.
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APPENDIX E
A LI STI NG OF . SILVER SERVICES, REC LAIMERS,
COLLECTOR S . REFINERS AND MANUFACTURER S
THAT PURCHASE REC LAIMED SI LVER

SILVER SERVICES-NORTHEAST
Company
Albert Acan X-Ray Solutions .
58-09 28th Avenue
Woodside , New York 1 1 377

Electrolytic
Film Paper Silver ( Flake )
X

X

X

Metallic
Replacement
Ash Solutions Sludge Cartridges
X

American Chemical and Refining Co .
P . O . Box 1 303
Waterbury , Connecticut 06720

X

American Metal Climax , Inc .
1 270 Avenue of the Americas ·
New York , New York 1 0005

X

X

X

X

J . Aron and Company, Inc .
79 Pine St .
New York , New York 10020

X

Belmont Smelting & Refining Works
330 Belmont Aven�e
Brooklyn , New York 1 1 207
Paul Blum Company
31 5 Larkin Street
Buffalo , New York 142 1 0

X

X

X

X

X

X

X

X

X

( Contact Company)

X
---.J
N

SILVER SERVICES-NORTHEAST lCONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

Metallic
Replacement
Ash Solutions Sludge Cartridges

Midland Processing Inc .
55 Lafayette Avenue
North White Plains , New York 1 0603

X

'.X

X

X

X

X

X

Giner Chemical-Refining Co . , Inc .
247 Green - Street
Brooklyn , New York 1 1 222

X

X

X

X

X

X

X

_Denzer & Shafer X-Ray Company
95 Pinewood Road
Silverton
Toms River , New Jersey 08753

X

X

X

X

Eastern Smelting & Refining Corp .
37-39 Bubier Street
Lynn, Mas sachusetts 01901

X

X

X

X

X

X

X

X

Eastman Kodak Company
J4J State Str�et
Rochester , N . Y. 14650

X

-

Engelhard Industries
429 Delancy Street
Newark , New Jersey 071 05

X

X

X

X

X

X

X

""

w

SILVER SERVICES-NORTHEAST . (CONT ' D)
Company

Ele ctrolytic
Film Paper Silver ( Flake )

Garfield-Baring Corporation
1 2 1 5 Cherry Street
Philadelphia , Pennsylvania 19107

X

X

General Film Recovery Corp .
Gaven Point Road
Jersey City , New Je rsey 07305

X

X

Ash Solutions

X

Gerald Metals , Inc .
25 Broadway
New York , New York 1 0004

X

Gline s and Rhodes
West Bacon Street
Plainville , Massachusetts 02762

X

X

X

X

W . R . Grace & Company
Ore and Mining Division
3 Hanover Square
New York , New York 10004

X

Handy and Harmon
850 Third Avenue
New York , New York 1 0022

, X

Sludge

Metallic
Replacement
Cartridges

X

X

X

X

SILVER SERVICES-NORTHEAST (CONT ' D)
Company
Handy and Harman
1 700 Kings Highway
Fairfield , Connecticut 064J2

Film Paper

Electrolytic
Silver ( Flake )

Metallic
Replacement
Ash Solutions Sludge Cart.ridges

X

X

X

X

'X

Handy and Harman
X
84.5 Waterman Avenue
East Providence , Rhode Island 02914

X

X

X

X

X

X

X

X

-

Howard & Bowen
55 Plover · street
Rochester , New York 1461 3
Samuel Huberman Metals

X

X

299 Broadway

X

Johnson Pla$tics , Inc .
524-534 Pine Street
Elizabeth , New Jersey 0?206

X

X

X

Long Island Reclaiming Company
Film Division
350 Morgan Avenue
Brooklyn , New York 1 12 1 1

X

X

·x

New York , New York 1 00.07

SILVER SERVICES-NORTHEAST (CONT ' D)
Company

Electrolytic
Film Paper Silver ( flake )

Metallic
Replacement
Ash Solutions Sludge
Cartridges

The Metal Bank of America
6801 State Road
Philadelphia , Pennsylvania 191 35

X

X

X

X

X

X

X

Newark-Sitkin Steel Warehouse , Inc .
1 0 Ivy Lape
Englewood , New Jersey 1 7631

X

X

X

X

X

X

X

The J .M . Ney Company
Maplewood Avenue
Bloomfield , Connecticut 06002

X

X

Ostrander X-Ray Specialties
1250 MacDade Boulevard
Collingdale , Pennsylvania 19023

X

Jules Ott , Inc .
497 Scott Avenue
Brooklyn , New York 1 1 222

X

X

X

X

X

X

X

M. Pashelinsky & Sons
20 Carbon Place
Jersey City , New Jersey 07305

X

X

x.

X

X

X

X

X

X

°'

�

SILVER SERVICES-NORTHEAST (CONT ' D)
Company
Pease & Curren , Inc .
75 Pennsylvania Avenue
Warwick . Rhode Island 02888

Electrolytic
Film Paper Silver ( F1.ake )
X

X

Picker X-Ray Corporation
1 275 Mamaroneck Avenue
\-Jhite Plains , New York 1 0605

Ash Solutions
X

Metallic
Replacement
Sludge Cartridges

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Pittsburgh X-Ray Chemical Service
721 2 Susquehanna Street
Pittsburgh , Pennsylvania 15208

X

Research Silver Refining Company
903-5 West Baltimore Street
Baltimore , Maryland '21223

X

X

X

X

Rochester, Smelting & Refining , Inc .
26 Sherer Street
Rochester , New York 1461 1

X

X

X

X

Sabin Metal Corporation
31 0-324 Meserole Street
Brooklyn , New York 1 1 206

X

X

x

X

-'1

--.:,

SILVER SERVICES-NORTHEAST (CONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

Metallic
Replacement
Ash Solutions Sludge Cartridges

The Safetyloid Company
1 .51 Foundry Street
Wake field , Massachusetts 01808

X

Sel-Rex Corporation
75 River _Road
Nutley , Massachusetts 071 1 0

X

X

X

X

X

X

X

Sel-Rex Corporation
105 Bellows Street
Warwick , R�ode Island 02888

X

X

X

X

X

X

X

Silver Certification Corp .
400 Spe ncer Street
Syracuse , New York 13204

X

X

X

X

X

X

Sitkin-Greenfield , Inc .
P . 0 , Box 1 148
Buffalo , New York 14240

X

X

X

X

X

X

X

Sitkin-Midland , Inc .
1 3535 Helen Street
Detroit , Michigan 482 1 2

X

X

X

X

X

X

X
-..J
er,

SILVER SERVICES-NORTHEAST (CONT ' D)

Metallic
Replacement
Ash Solutions Sludge Cartridges

Company

Film

Pa.per

Electrolytic
Silver ( Flake )

Sitkin-Smelting & Refining
P . 0 . Box 708
Ler.dstown , Pennsylvania 17044

X

X

X

X

X

X

X

Spiral Metal Company, Inc .
Louisa Street
South Amboy , New Jersey 08879

X

x·

X

.x

X

X

X

Warren X-Ray Company
49 Pleasant Drive
Warren, Pennsylvania 16365

X

X

X-Ray Darkroom Service
81 Child Street
Hyde Park , Massachusetts 021 36

X

X

X

X

X

X

York Refining Company
4232 Industrial Place
Island Park_, New York 1 1 5.58

X

X

X

X

X

X

-

X

X

'°""

SILVER SERVICES-MIDWEST
Company

Electrolytic
Film Paper Silver ( Flake)

Metallic
Replacement
Ash Solutions Sludge Cartridges

Acan X-Ray Inc .
919 West 49th Place
Chicago , Illinois 60607

X:

X

X

X

X

X

X

Albert Acan X-Ray , Inc .
1 8800 Hawthorne ·
Detroit , · Michigan 48233

X

X

X

X

X

X

X

Albert Acan X-Ray , Inc .
2337 Distributors Drive
Indianaplis , Indiana 46206

X

X

X

X

X

X

X

650 Morris Street

X

X

X

X

X

X

X

Albert Acan X-Ray , Inc .
423 North Ninth Street
Niles , Michigan 491 20

X

X

X

X

X

X

X

Joseph Behr & Sons , Inc .
1 1 00 Seminary Street
Rockford , Illinois 61 105

x.

X

X

X

X

X

X

Albert Acan X-Ray , Inc .

Mt . Morris , Michigan �8458

CX)

0

SILVER SERVICES-MIDWEST (CONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

Metallic
Replacement
Ash Solutions Sludge Cartridges

Cincinnati Gold and Silver Co .
316 West 4th Street
Cincinnati , Ohio 45202

X

X

X

X

Denron Refiners , Inc .
1200 We�t Northbranch Drive
Oak Creek , Wisconsin 53154

X

X

X

X

X

X

X

Eastman Kodak Company
J4J State Street
Rocheste r , N . Y. 14650

X

General Refineries , Inc .
292-294 Walnut Street
St . Paul , Minnesota 551 02

X

Handy & Harman
1900 Estes Avenue
X
Elkgrove Village , Chicago , Ill . 60007

X

Landan Rubber and Plastic Products
1 308 West Cermak Road
Chicago , Illinois 60618

X

X

X

X

X

X

X
co

>-'

SILVER SERVICES-MIDWEST (CONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

Donald McElroy, Inc ,
Edens Executive Center
3201 Old Glenview Road
W1.lmette , Illinois 60091

X

Micro X�Ray Recorde r , Inc o
3755 West Lawrence Avenue
Chicago , Illinois 60625

X

W . E . Mowrey Company
1435 University Avenue
St . Paul , Minnesota 551 04

Metallic
Replacement
Ash Solutions Sludge Cartridges

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Picker X-Ray Corporation
595 Miner Road
Cleveland , Ohio 44143

X

X

X

Sel-Rex Corporation
5400 McDermott Drive
Berkeley, Illinois 60163

X

X

X

Simmons Re fining Company
1 704 South Normal Avenue
Chicago , Illinois 60616

X

X

X

X

())

N

SILVER SERVICES-MIDWEST (CONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

W . B . Snook Manufacturing Co . , Inc .
7321 Monticello Avenue
Skokie , Illinois 60076
States Smelting & Refining Co .
1 550 Elida Road
Lima , Ohio 45805

601 31

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

SILVER SERVICES-WEST

'!

A-1 Laboratories
2 1 22 Aaron Street
· Los Angeles , California. 90026

Sludge

X

Harry Thures son Inc .
· 7321 Monticello Avenue
Skokie , Illinois 60076
United Refining & Smelting Co .
3700-20 North Runge Avenue
Franklin Park , Chicago , Illinois

Ash Solutions

Metallic
Replacement
Cartridge s

X

X

,X

X

X

co

\..,.)

SILVER SERVICES-WEST { CONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

Metallic
Replacement
Ash Solutions Sludge Cartridge�

Film Salvage Company
3602 Crenshaw ,Boulevard
Los Angeles, California 9001 6

X

Future Systems , Inc .
809 University Avenue
P .O . Box 1820
Los Gatos, California 95030

X

X

X

Handy and Harman
4140 Gibson Road
El Monte , California 91731

X

X

X

X

Industrial Silver Company , Inc .
1 120 North Citrus Avenue
Hollywood , California· 90038

X

X

X

X

Kane ' s Chemicals
North 5935 Moore
Spokane , 1:fashington 99208

X

MacKay Smelting Company, Inc .
1 520 Pioneer Road
Salt Lake City, Utah 841 04

X

X

X

X

x.

X

X

X

X

X

X

x·

-

X

X

X

X

SILVER SERVICES-WEST (CONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

Martin Metals , Inc .
1 321 Wilson St .
Los Angeles , California 90021

X

Medical Electronic Service
West 522 Cataldo Avenue
Spokane , Washington 99201

X

Merry X-Ray Chemical Corp .
1476 Island Avenue
San Diego , California 921 0 1

Metallic '
Replacement
Ash Solutions Sludge Cartridges

X

X

X

·x

X

X

X

X

X

X

X

Micro-Security Company
5303 Irving Street
P .O . Box 7883
Boise , Idaho 83707

X

X

X

X

X

X

X

Noble Metals
4703 Maple
Spokane , Washington 99208

X

X

X

X

X

Sel-Rex Corporation
20801 Nordhoff Street
Chatsworth , California 91 31 1

X

X

X

X

X

-

X '

,x

X

X

-

X

X

SILVER SERVICES-WEST (CONT ' D)
Company

Electrolytic
Film Paper Silver ( Flake )

W . B . Snook Manufacturing Co . , Inc .
751 Loma Verde Avenue
Palo Alto , Ca.lifornia 94303

Metallic
Replacement
Ash Solutions Sludge Cartridges

X

Southland X-Ray Company
1 1 30 North Citrus Street
Orange • California 92666

X

Urell , Inc ,
26J0 Humboldt Street
Los Angeles , California 90031

X

R.E . van Valey , Inc .
1 31 7 Republican Street
Seattle , Washington 98109

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

-

Wildberg Bros . Smelting & Refining
349 Oyster , Point Boulevard
P .O . Box 2207
South San Fr�ncisdo , California
94080
X-Ray Film Processing Company
1 820 Fourth Street
Berkeley , California 94710

X

X

X

°'

SILVER SERVICES-SOUTH
Company
Distasio X-Ray Company
P .o . Box 1 1 1 06
St . Petersburg , Florida 33733

Electrolytic
Film Paper Silver ( Flake )
X

Metallic
Replacement
Ash Solutions Sludge Cartridges
X

X

Eastman Kodak Company
343 State Street
Rochester , N . Y. 14650
Film Salvage Company
. 21 1 College Street
Mountain City , Tennessee 37683

X

X

X

.x

Houston Electro-Chemical Refining
700 Nue ces
Houston , Texas 77012

X

X

X

X

X

X

X

International Recovery Company
Box 33187
Houston , Texas 77033

X

X

X

X

X

X

X

Merry X-Ray Corporation
1617 East Jefferson Street
Phoenix , Arizona 8_50J,4

X

X

X

X

X

X

X
0:,

-..J

SILVER SERVICES-SOUTH (CONT ' D)
Company

Met.allic
Replacement
Electrolytic
Film Paper Silver ( Flake ) Ash Solutions Sludge Cartridges

Merry X-Ray Corporation
3738 East Grand Road
Tucson 7 Arizona 85716

X

X

X

New Orleans Silversmiths
P .. O . Box 525.56
New Orleans , Louisiana 70150

X

X

Professional Equipment Service
1 )86 N .W. 29th Street
Miami , Florida 33142

X

L . B . Spraque & Ned Bien
4236A Highway Avenue
Jacksonville, Florida 32205

X

X

X

X

X

X

X

X

X

X

X

X

Southwest Smelting & Refining Co .
1 71 2 Jackson Stree t
X
P . o . Box 201 0
Dallas , Tex.as 75221

X

X

X

X

X

X

Texas Metals , Inc o
1 1 3.51 Anaheim Drive
Dallas , Texas 75229

X

X

X

X

X

X

X

'

X

X

X

co

co
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APPENDIX F
GLOSS.AR Y OF C OMMONLY USED

SILVER REC OVERY TERMS

90
Anode : •• •• • • •• • ••• • A po sitively-charged electrode that at
tract s negative ions in the fixer and
repels positive ions, such as silver ions .
Cathode: • • • •• • • • •• • A negatively-charged electrode that at
tract s the positively-charg ed ions, such
as the silv er ions in the fixer •
. Current Strength : •• The amount of electrical current deliver
ed to a square fo ot of cathode area. The
higher the current streng·th, the faster
the silver recovery.
Emulsi on : • •• � • •••• • The light sensitive gelatin coating on
photographic films and papers.
Fixer : (Hypo) • • • • • • A soluti on of sodium or ammonium thio
sulphat e in water. The thi osulphate ex- ·
trac ts silver ions from the gelatin
layer o f the film.
Ion: • • • • •• • • •• • • • • • An electrically charged atom , radical, or
m olecule, formed by the loss or gain of
one or more electrons.
pH : •• • • • • • ••• • • •. • • •A measure of the acidity of a solution,
- ( in this particular case ) .
Silver
Concentration:
total amount of suspended silver in
· • ••• • The
the fixer ( hypo ) stated in grams per
liter or Troy ounces per gallon.
Sulfiding : • • • • • • • • • The phenomenon of silver sulfide forma
tion. This occurs when current strength
is too high for the amount of silver ·
near the cathode.
Troy ( Weight) : • • • • • A s ystem of weights used f or precious
metals. 12 Troy ounces equal 1 pound,
rather than 16 ounces per pound.

91
BIBLI OGRAPHY
Annual Report_ of the Director of the Mint, for the Fiscal
Year Ended June JQ, 12.§2 ( Washington D. C. t U . S.
Government Printing Office, 1970 ) .
The Argenta Series--Silver Recovery Systems ( Los Gatos,
California : Future Systems Inc . , 1 9 7 1 ) .
Butts, Allison. Silver--Economics, Metallurgy, and Use
(Princeton , N. J. : D . Van Nostrand Company, Inc. , _
1967 ) .
Disposal of Photographic-Processing Wastes ( Rochester, New
York : · The Eastman Kodak Company, 1 969 ) .

Forbes, Richard H. " Save the Silver, " Printing Production,
100 , J4- J5 , 5 7-5 9 ( Augu st 19 70 ) .

Hanson , Wallace. "The Day the Silver Runs Out, " Popular
.
Photography, 68 1 6 1-6J , 1 14- 1 16 , 149 (March 197 1 ) .

Hurd, John T. ••How Much Profit Are You Flushing Down the ,
Drain, " Graphic Arts i1onthl:t , 4 1 : 42-45 ( November
1 969 ) .

1971 Index to Kodak Technical In�ormation ( Rochester , New
York-,-Eastman Kodak Company, 1 9 70 ) .

Kinsler, Milton c . "Sta.rt Mi ning That Darkroom Silver Lode, "
Printing Magazine, 93 • . 74, 7 7 ( May 1969 ) .
Kodak Bulletin for the Graphic_ Arts , No. 1.2. (Rochester, New
York , Eastman Kodak Company, 1969 ) , pp. 8- 1 3 .
Recovering Silver From Photographic Materials ( Rochester,
New York: The Eastman Kodak Company, 1969 ) .

.
Silver From Discarded Photo�raph1 c Films and
Recovery of
Papers (Rochester, New York : The Eastman Kodak
Company, 1969 ) .

"The Silver Drain, " Modern L ithography, .39: 19-26 ( January .
1971 ) .

92
" Silver in Photography , " I n-Plant Printer , 9 : 42-44 (March

1969 ) .

Si lver Recovery with th e Kodak Chemical Recover� Cartridge
(Rochester, New York : The Eastman Kodak Company,
1968) .
Tam, Stanley R. The Practical Guidebook of Photographic
Silver Recov'ery (Lima , Ohi o s States Smelting and
Refini ng Corporation , 1969 ) .

